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Introduction
With the continuous increase of the consumption of fossil fuels for human's modern life and industry production, the world now is suffering from a global energy challenge and serious environmental issues. This has stimulated a worldwide interest to explore clean and renewable energy sources in a large scale application as alternatives, such as harvest of solar, wind and tide energy. In this regard, one of the most important things that people are facing now is how to effectively store the intermittent renewable energies [1] . Lithium ion battery (LIB), as an electrochemical energy storage device, is one of the most powerful and promising rechargeable energy storage device due to its high energy density, long lifespan, and low self-discharge nature [2] [3] [4] [5] . Nevertheless, due to the limited natural storage of lithium resources, immoderately pursue of mass production of Li-ion batteries have been suggested to be unrealistic in the long run. As an alternative, sodium ion battery has recently attracted ever-increasing attention owing to its high availability on the earth's crust (42.3 times vs. Li percentage) [6] , and its similar chemical properties to lithium. However, compared with Li-ion battery, it is still a challenge to develop the Na-ion batteries since Na has larger atom size, larger atom weight and unfavorable redox potential of sodium upon charging/discharging [7] . Therefore, few materials can be used as host matrixes which could accommodate sodium ions and allow reversible Na insertion and extraction processes. Numerous materials which are qualified as matrixes for Li-ion batteries might not be suitable for the Na-ion batteries. For example, graphite, which is the most widely used as anode material in commercial LIBs, has been disclosed to hardly accommodate sodium ions by early investigations [8, 9] .
On the other hand, due to the abundance and environmentally benign nature, Tin and Tin based materials have demonstrated outstanding performance as anode in LIBs [10, 11] .
Among them, SnO2, which possesses a theoretic capacity of 782 mAhg -1 , has been considered as one of the most promising candidates to substitute the commercialized graphite anode [1, 12] . To date, only a few studies have reported that SnO2 can reversibly alloy with Na (4SnO2 + 31Na + + 31e -= Na15Sn4 + 8Na2O) [13, 14] . Theoretically, such alloy can deliver a capacity of 1378 mAhg-1 and thus can be potentially used as a superb anode material for Na-ion battery with the merit of low price and environment benign. Upon the insertion of Li + and/or Na + into SnO2, huge volume expansion of the host materials is inevitably accompanied, leading to the rapid capacity degradation due to the pulverization and aggregation of the electrode active materials [15] . To solve this volume change problem and effectively stabilize SnO2 nanoparticles, different methods such as configuration of C/SnO2 composites [16] , SnO2/nanotubes [14] and SnO2-RGO [17, 18] have been proposed. However, it is still challenging to achieve high-performance LIBs and sodium-ion batteries (SIBs).
In this work, we propose a novel and scalable approach for the preparation of honeycomb-like composites, i.e. SnO2@C nanospheres embedded in carbon film by a two-step process using silica nanospheres and sodium chloride (NaCl) as templates and demonstrate that such a novel structure can provide enough buffer spaces for volume expansion during Li + /Na + uptake and release processes thus promoting the performance of LIBs and SIBs. The electrochemical performance in LIB and SIB has been evaluated by assembling the active material into a half-cell. We found that cavities are formed on the nanosphere surface and the nanospheres are densely embedded in carbon sheets, forming a honeycomb-like architecture. The carbon film as a support for carbon encapsulated SnO2 nanospheres would effectively enhance the electrical conductivity, while the cavity on the sphere surface and the hollow nature of our designed structure would provide enough buffer space to accommodate the volume expansion of anode material over cycling. Moreover, besides of its function as physical buffering layer as well as restrictor for the growth of solid electrolyte interphase (SEI) layer, the encapsulated carbon shells can also work as conducing layer to promote the transport of electrons and ions. Meanwhile, the SnO2 inside the carbon spheres was ultrafine, with dimensions of <10 nm, can endure the Li + /Na + insertion and
extraction. Finally we demonstrate the excellent rate capability and long cycle life using our as-prepared nanostructure as an anode for Li-ion and Na-ion batteries. .
Experimental section

Synthesis of SiO2 nanospheres.
SiO2 nanoparticles was prepared with Stöber method [19] . In a typical procedure, 4.5 mL For comparison, more glucose was added in a parallel experiment using a similar procedure as described above to prepared samples with different carbon content, i.e. the honeycomb-like composites-less.
Characterizations
The morphology and microstructure of samples were characterized using a filed-emission scanning electron microscope (FE-SEM, Nova NanoSEM 450) and a transmission electron (1:1 in volume) was selected as the electrolyte, and a glass fiber (Whatman) was used as the separator.
Galvanostatic charge/ discharge was tested at various rates via a battery tester (CT2001A, LAND), and cyclic voltammetry at the scan rate of 0.1 mV s -1 were performed on an electrochemical workstation (CHI 760E, CH Instruments Ins). All the specific capacities and the current densities used in this work were based on the total weight of the active materials.
Result and discussion
Fig. 1. Schematic illustration of the fabrication procedure of honeycomb-inspired SnO2@C
nanospheres embedded in carbon film structure.
The fabrication of SnO2@C nanospheres embedded in carbon film is schematically depicted in Fig. 1 . Firstly, SnO2 were grown on SiO2 nanospheres to form a core/shell structure (donated as SiO2@SnO2) using a Stöber method and a simple hydrothermal process.
The detail preparation process is described in the experimental section and the morphology of SiO2@SnO2 is shown in Fig. S1a and b. The core/shell structure can be well identified in Fig.   S1a , where a typical partial broken SiO2@SnO2 is found. In a further enlarged SEM image, a rough surface of SnO2 is disclosed, suggesting SnO2 shell should be composed of nanoparticles. Secondly, the SiO2@SnO2 nanospheres were dispersed in NaCl/glucose solution, following which it was vigorous stirred continuously. Upon water evaporation, cubic NaCl crystals were formed with densely SiO2@SnO2 nanospheres and glucose decorated on the surface (see Fig. S2 ) because of the face-centered cubic crystal structure nature of NaCl [20] . With a further carbonization treatment, glucose was converted to carbon and uniformly covered both on the surfaces of the NaCl template and the SiO2@SnO2 nanospheres. Finally, the SiO2 cores were removed by dissolving in NaOH solution, and NaCl template was washed away by deionized (DI) water, obtaining the final product of SnO2@C nanospheres embedded in carbon film (designated as honeycomb-like composites). In Fig. 2a , the SEM image of the as-prepared products shows a typical honeycomb-like structure. A further magnified SEM image (Fig. 2b) reveals that the prepared honeycomb-like composites are composed of numerous broken nanospheres supported by a carbon film, which is quite similar to the honeycomb as depicted in Fig. 1 . Fig. 2b shows one edge of a broken hole in the carbon sheet as marked by an arrow, indicating the supported carbon film is very thin. The diameter of nanosphere is 300-500 nm. The formation of a honeycomb-like architecture instead of a bubble sheet configuration might be due to the fact that some SnO2 was partially dissolved during the dissolution process of SiO2. Due to the large surface tension effect as well as a mild chemical reaction, this dissolution behavior only happened on the top surface of the sphere, forming honeycomb-like structure. This assumption can be evidenced by the morphology change of the product before and after the NaOH treatment, as shown in Fig. S1a and c. It is seen that most SiO2@SnO2 spheres before NaOH treatment are intact, while for the case of SnO2 after dissolving of SiO2, the void on the sphere is clearly observed (see Fig. S1d ).
TEM measurement was carried out to further characterize the microstructure of our prepared honeycomb-like composites. In Fig. 2c and d, it shows that carbon encapsulated interconnected nanospheres that packed with loosely nanoparticles can be well recognized and the void in the nanospheres can be clearly observed. Due to the ultrasonic treatment during TEM sample preparation process, the supported carbon film was broken, while the nanospheres can still remain the sphere configuration, manifesting the robust nature of our designed honeycomb-like structure and the supporting carbon film is very thin. At one edge of a chosen SnO2@C sphere, the thickness of the carbon shell is confirmed to be 2-4 nm (marked with dashed line and arrow in Fig. 2e , also seen in Fig. S3 ). Fig. 2e discloses that SnO2 nanocrystallines are densely and homogeneous decorated on the carbon shell, and the size of the SnO2 nanocrystallines are less than 10 nm. High-resolution TEM (HRTEM) iage shown in the highlighted white dash box in Fig. 2f demonstrates the well-resolved lattice space of 0.335 nm (calculated from intensity profile of lattice in Fig. S5 ), indicating the (110) lattice planes of SnO2. To determine the element distribution in the honeycomb-like composites, electron energy loss spectroscopy (EELS) mappings were carried out. It shows that tin and oxygen elements were evenly distributed in the whole nanosphere, while an obvious blank ring was seen in carbon mapping image, suggesting that SnO2 was mainly decorated in the inner shell of carbon. This confirms the hollow core-shell structure by dissolving of SiO2 from SiO2@SnO2@C spheres.
Nitrogen isotherm adsorption-desorption measurement was implemented to access the porous characteristics of the as-prepared honeycomb-like composites. A typical type IV isothermal curve was seen in Fig. S5a , which is the characteristic of mesoporous materials [21] . The result shows that the specific surface area of the honeycomb-like nanostructure is
Besides, a narrow pore size distribution centered at 31 nm was observed in the inset of Fig. S5a , evidencing that the carbon inner shell was loosely decorated with SnO2 nanocrystallines, instead of compact SnO2 thin film, which is also consistent with the TEM observation discussed aforementioned. . An obvious weight loss starting at about 400℃ is seen (Fig. S5b) , indicating the combustion of carbon component upon the heating. This result shows that the content of carbon in the honeycomb-like composites should be 28.6 wt%. For comparison, the honeycomb-like composites with more large percentage carbon content (termed as honeycomb-like composites-less) was also prepared. XRD results show the same pattern but a little bit weak intensity compared with that of the honeycomb-like composites (shown in Fig. 3a) . And the content of the carbon in this case was found to be 43.6 wt% based on the weight loss upon combustion in air (see Fig. S5b ). [10, 22, 23] . The D band at 1353 cm -1 is the characteristic of defects in graphite, assigning to strongly dispersed LO phonons around the K point activated in double resonance processes [24] [25] [26] . More specifically, a Kohn anomaly at K is suggested to be the true origin of the D band due to the highest optical branch starting from the K-A1 ' mode, which has the biggest electron-phonon coupling among the K phonons [27] . Interestingly, it is seen that the intensity of the G band is a little bit higher than that of D band, i.e. ID/IG ≈ 0.97, indicating high graphitization of the counterpart carbon in our prepared honeycomb-like composites. Unfortunately, no Raman signals of SnO2 were detected. To solve this problem, 532 nm laser was employed to remove the carbon shell by illuminating the sample for a while.
An explicit peak at 622 nm was appeared (Fig. 3b) , which associates to the A1g mode of Raman active of SnO2 that vibrates in the plane perpendicular to the c-axis [28] . Again, this observation indicates that the SnO2@C unit in the honeycomb-like composites is core/shell structure, being consist with the obtained TEM images.
The chemical composition of the honeycomb-like composites was further studied by XPS.
A survey spectrum is depicted in To evaluate the lithium storage capability, the honeycomb-like composites was assembled into a coin-type half-cell using Li metal foil as a counter electrode. Fig. 4a shows cyclic voltammograms (CV) of the honeycomb-like composites tested between 3.0 to 0 V at a scan rate of 0.1 mVs -1 . In the first scan, an obvious peak at ~0.9V is depicted, assigning to the reduction of SnO2 to Sn and the formation of Li2O (The detail chemical reaction can refer to eqn. 1 [33] ). Upon further charging, the steep reduction peak below 0.5 V associates to LiSn alloying processes (eqn. 2). A broad peak at 0.53 V in the anodic scan corresponds to the de-alloying of LixSn [34] , and the two additional broad oxidation peaks at 1.24 V and 1.84 V are possibly related to the partial reversible oxidation of Sn towards SnO2 [35] . By comparing the second/third cycle with the first one, it can be found that the peak at 0.9V vanishes and tends to be stable after the first cycle, indicating the irreversible formation of SEI layer due to the decomposition of electrolyte. For comparison, Fig. S6a shows the CV test of honeycomb-like composites-less, which gives identical results of the oxidation/reduction peak positions and the peak variations upon charging/discharging.
(1) [5, 36] . Generally, the initial CE of hard carbon anodes are typically below 55% because of the formation of thick SEI layers [37] , which is deemed as another possible reason. Besides, the functional groups on carbon surface might also contribute to the irreversible capability [5] . However, more possible behind reason may not be listed here and fully understood yet. In the second and third cycle, the discharge/charge capacities are shows similar results as seen in Fig. S6b . Fig. 4c shows the cycling performance of the honeycomb-like composites measured at a current density of 100 mA g -1 . Though decreasing in the initial several cycles, the delivered capacity tends to be stable in the following cycles. After 100 cycles, a specific capacity of 928.9 mAh g -1 is still maintained, which is over 2 times higher than the theoretical capacity of graphite (372 mAhg -1 ). Compared to the 12 th cycle (one randomly selected stable cycle), a capacity retention of 96.3% can be calculated for the 100 th cycle, indicating that nearly no capacity decaying was observed upon cycling. The excellent cyclic stability could be due to our unique designed honeycomb-like structure that allow SnO2 to be fully utilized in storing lithium ions. And the encapsulated carbon shells and supported carbon films provide amounts of efficient pathways for fast as well as efficiency electron/ion transfer [1] . Besides, the hollow unit of SnO2@C together with its carbon membrane in the honeycomb-like configuration provides enough space to accommodate the volume expansion during the charging/discharging processes and prevents the further aggregation of SnO2 nanoparticles upon cycling [38] [39] [40] [41] . Another possible reason for the high capacities and good stability could be the as-synthesized ultrafine SnO2 nanoparticles (<10 nm) embedded in the carbon shell, as it was reported in the literatures that engineering the size of metal oxide to nanoscales could effectively improve the electrochemical performance [42] . Additionally, it should be noted that the delivered stable capacity of 928.9 mA g -1 after l00 cycles is even higher than the theoretical capacity of SnO2 (781 mAhg -1 ). This result could be possibly due to the formation of SEI layer by decomposition of the electrolyte [43] [44] [45] . Such kind electrochemical behavior, namely charging/discharging capacity higher than the theoretical value, has been widely observed in other materials, particularly in transition metal oxide electrodes, and the reason has been assigned to the formation of gel-like organic layer on the surface of the porous structures over cycling [46, 47] .
Encouraged by the excellent cycling stability, the honeycomb-like composites anodes
were further assessed at a high current density of 500 mA g −1 and shown in Fig. 4d . Again, no capacity decay was observed, delivering high capacities of 662 and 881 mAh g −1 after 100 cycles and 200 cycles, respectively. Unlike the usually decay behavior [48] and/or the stable cycling performance at low current density that given in Fig. 4c , the delivered capacity keeps increasing over cycling after 70 cycles. We speculate the reason could be assigned to the activation process of the SnO2-based electrodes [49, 50] . For comparison, some recent representative works of SnO2-based anodes are listed (Table S1 ), which shows that the lithium ion storage capability of our prepared honeycomb-like composites is comparable or even better.
In order to examine the rate capability, the honeycomb-like composites electrodes were galvanostatically tested at progressively increased current densities from 50 mA g -1 to 1000
Outstanding rate capability is demonstrated. As shown in Fig. 4e , the discharge capacities of the honeycomb-like composites electrodes are 971, 861, 750, 575 and 514 mAh g -1 at the current densities of 50 to 100, 200, 500 and 1000 mAg -1 , respectively. Remarkably, when the current density restored to 50 mAg -1 again after 50 cycles, a discharge capacity as high as 900 mAh g -1 was successfully obtained, evidencing the advance of the designed honeycomb-like structure and capability in enduring the volume expansion of SnO2 upon cycling. Additionally, the honeycomb-like composites-less also exhibits similar electrochemical rating performance, and cycling behaviors both at low current density and high current density (see Fig. S6c-e) . (e) Rate capabilities of the honeycomb-like composites anodes in SIBs.
The sodium storage capability of the honeycomb-like composites is also explored by assembling the active materials into a coin cell using Na metal foil as the counter electrode. . In the first cycle, the broad peak at ~0.88 V is observed, which is associated to the reduction of SnO2 and the formation of Na2O, as described by eqn.3. With discharging continues, another broad peak in the range of 0.65 to 0.37 V was identified, corresponding to the formation of NaxSn alloys [14, 51] , which can refer to eqn. 4. After the first cycle, nearly no changes occur in all redox peaks, indicating that the irreversible reaction is mainly happened in the initial cycle [52] and the solid-electrolyte interface (SEI) films were formed on the electrode surface in the first cycle [53] . In the anodic scan, a broad oxidation peak ranging from 0.1 to 0.7 V is distinguished, ascribing to the dealloying reaction of NaxSn, i.e. NaSn, NaSn5, Na3Sn, Na9Sn4 and Na15Sn4 [54, 55] . The observed characteristics of the Na-Sn alloying/dealloying behavior are relatively analogous to the Li-Sn counterparts [56, 57] .
The galvanostatic charge-discharge voltage profiles of the as-prepared product was collected for the initial three cycles. The test was performed at a current density of 100 mAg -1 in a voltage range of 0.01-2.0 V. Interestingly, the first discharge capacity is extremely high, being of 1298 mAh g -1 as shown in Fig. 5b . But the delivered charge capacity can only go back to 360 mAh g -1 with large irreversible capacity. This is also qualitatively analogous to the Coulombic efficiency case in Li-Sn counterparts. The reasons are speculated to be similar to the statement for the Li-Sn case that given aforementioned. Besides, another possible reason could be due to the fact that the conversion from SnO2 to Sn is incomplete in the initial discharging process [57] . One obvious discharge plateaus at 0.7-0.2 V is related to the formation of NaxSn alloys, being consistent with the CV measurement.
To unveil the cyclic stability of the honeycomb-like composites toward sodium storage, the cycling performance was carried out at a current density of 100 mA g -1 as shown in Fig. 5c .
Coinciding with that in Fig. 5b , it exhibits an ultrahigh discharging capacity with a relative low charge capacity, delivering a low Coulombic efficiency, however, it bounced back to a high value of 91% in the initial several cycles. A specific capacity of 251.5 mAh g -1 is delivered after 100 cycles. In comparison with the counterpart LIBs results (928.9 mAh g -1 ), the capacity of SIBs is ~3.7 times lower, which is probably due to the larger radius size of Na ion (1.02 Å) than that of Li+ (0.59 Å) [58] . Besides, the huge volume expansion of ~520%
happens upon Na-Sn alloying for the formation of NaxSn, together with the following aggregation of Sn fragments along cycling, leading to a rapid capacity degradation [59] [60] [61] .
Because of these drawbacks, the practical application of SnO2 in SIBs has been severely hindered. Nonetheless, no capacity degradation has been observed after 100 cycles, verifying our designed electrode structure can well address the volume expansion upon Na + insertion/desertion and prevent the aggregation over cycling. To highlight the robust nature of our deigned honeycomb-like structure, cycling performance at high current density of 500 mA g -1 was also evaluated, in which the composites experienced fiercer Na + insertion and extraction process. Again, stable cycling performance is exhibited for over 200 cycles, delivering a specific capacity of 171 mAh g -1 , further evidencing the advance of our designed structure in the case of applications in SIBs (Fig. 5d) . In order to evaluate the rate capacity of the honeycomb-like composites, a rate performance test was also implemented and shown in Fig. 5e . In the initial 10 cycles, a capacity of 469 mAh g -1 is achieved at a current density of 50 mA g -1 . Upon increasing the current densities to 100, 200, 500, and1000 mA g -1 , the discharge capacities are 370, 332, 290 and 215 mAh g -1 , respectively. After fifty cycles under different current densities, a capacity of 343 mAhg -1 is recovered when the current density reduced to 50 mAg -1 again. Although the delivered capacity in SIBs is significantly lower than that counterparts in LIBs, the energy storage capability is still comparable or superior to other anode candidates in SIBs and outperform the commercial utilized graphite in LIBs [62, 63] . For comparison, the cycling performance at low current density (100 mA g -1 ), high current density (500 mA g -1 ), and rate capacity were all evaluated and collected as demonstrated in Fig. S7c -e, which also present high capacities and excellent stability over cycling. The outstanding cyclic stability of the honeycomb-like composites in both LIBs and SIBs should be due to the following advantages of our novel designed architecture: (1) the void core/shell configuration allows accommodation of the large volume expansion during Li + /Na + uptake and release process, even up to 520%. This is supported by the SEM and TEM images that collected after 100 cycles at 100 mA g -1 shown in Fig. 6 . Even after long cycling, the honeycomb feature can be still easily identified (see Fig. 6a, b) , verifying the role of the designed architecture in addressing the volume expansion during Li + /Na + insertion and extraction processes. More close detail observation of the honeycomb-like composites was also disclosed by TEM (shown in Fig. 6c, d ), where carbon encapsulated interconnected nanospheres can be still well seen; particularly, intact nanospheres are widely found in anode materials of SIB, further evidencing the robust nature of our designed architecture. The high porosity nature of the hierarchical structure enhance the contact between the electrodes and the electrolyte.
Conclusion
A novel honeycomb-like structure composing of SnO2@C nanospheres embedded in carbon film has been fabricated using silica nanospheres and sodium chloride templates. The TGA and BET results reveal that the percentage of SnO2 in the product is 71.4%, possessing 231.7 m 2 g -1 specific surface area. Such honeycomb-like composite anodes exhibit a specific capacity of 928.9 mAh g -1 for LIBs and 251.5 mAh g -1 for SIBs, respectively, at a current density of 100 mA g -1 over 100 cycles without any discernable capacity degradation. The high delivered capacity, excellent stability and prominent rating capability have been achieved due to the advanced nature of the unique microstructure. The hollow SnO2@C nanosphere offers enough space to endure the volume expansion of SnO2 during Li + /Na + uptake and release processes, and provides profuse pathways allowing electrolyte to contact with the electrodes.
Besides, the high conductive carbon internetworks play a crucial role in improving the conductivity of the electrodes. We demonstrate that the honeycomb-like composites provide a promising protocol for engineering SiO2 as a low-cost, environmental friendly, high performance LIBs and SIBs. Moreover, our approach can also be extended for fabrication of other high volume experienced anode materials toward high-performance batteries, especially Sodium-ion batteries.
